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Most ultrasonic NDE experiments and their theoretical models 
deal with perfectly smooth interfaces, but true materials generally 
exhibit rough interfaces. As an approach to include the ultrasonic 
scattering which occurs on the different interfaces along the beam 
path, the reflection factors of acoustic waves diffracted by periodic 
surfaces is investigated theoretically and experimentally by looking 
at the frequency dependence of the reflected signal. Mode conversion 
bulk and surface waves are shown to be the result of strong coupling 
between the incident wave and the geometry of the grating. As a 
consequence, the geometrical parameters of the interface can be ob-
tained to within 5%. 
INTRODUCTION 
Experiments of elastic wave diffraction from periodic interfaces 
have recently been discussed. 1 The existence of sharp minima ob-
served in the spectrum of the scattered waves has been identified as 
the mode-converted signals along the interface with bulk or surface 
wave velocities. 
*Permanent address: Groupe de Physique des Solides de l'Ecole 
Normale Superieure, Universite Paris VII, Paris Cedex OS, France. 
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In this paper we show that the frequency position of the ob-
served discontinuity can be related to the geometry of the surface, 
and to the physical properties of the materials. The theoretical 
problem is formulated in terms of an integral equation for the parti-
cle displacement. Numerical results, in the case of a uniform infin-
ite plane wave, are compared to the experimental data. 
THEORETICAL FORMULATION 
The diffraction of elastic waves by a stress-free periodic sur-
face is solved rigorously. The problem is formulated analytically 
by the use of an integral representation of the scattered field in 
terms of the surface displacement of a suitable canonical problem. 
The solution of this problem follows the method described by Fokkema 
and Van der Berg,2 and numerical results have been presented for 
scattering by a crack having a sinusoidal profile. 3 
The solid is assumed to be homogeneous, isotropic, perfectly 
elastic and spatially periodic. The wave is uniform and plane. The 
case of a two dimensional problem is considered (Fig. 1). 
The reflected field is 
the form: 
r 
= I -ta> RmL exp [iK L u 
m 
m=-oo 
-A 
-
Air D~ 
X 2 max 
Solid n 
x, 
expressed as a sum of plane waves 
• x] I-ta> T + ~ exp[iK T m • x] 
m=-oo 
SOLID: Homogeneous 
Isotropic 
Perfectly elastic 
Spatially periodic 
WAVE: Uniform 
Plane 
Two-dimensional 
motion ( Xli X2) 
of 
(1) 
Fig. 1. Configuration of the problem to which the elastodynamic 
diffraction theory is applied. 
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where R L,T = reflection factors (L = longitudinal wave, T = trans-
verse w~ve). The reflected displacement field at the point x within 
the solid is then obtained by using the total surface displacement 
in an integral representation: 
u. r(x) =( uk.G(X, x'h .. r(x')-U.r(x'hk .. G(x, x')n.(x')ds(x') 
K ) L 1 1J 1 1J J 
(2) 
where u. .G and Tk .. G are functions of the Green's tensor. K1 1J 
The reflection factors for the longitudinal (L) and the trans-
verse (T) waves are then given by: 
R L,T 
m 
i(kL,T)2 
2twzk2 L,TA 
,m 
( ) L,T () ('kL,T ']d ( ') u. x T.. n. x exp =1 • X S X 
1 - 1J ,m J - m 
m = propagating spectral order. (3) 
The total surface displacement has been obtained numerically 
from the integral equations by approximation ur as a weighted sum of 
polynomials of the third order (cubic spline). 
DATA PROCESS ING 
The results are obtained by looking at the frequency dependence 
of the reflected signal (ultrasonic spectroscopy). The different 
steps of the signal processing in the time domain and in the fre-
quency domain are outlined in Fig. 2. 
Time Domain (Fig. 2a) 
The normally incident broad band signal, scattered from the 
different interfaces (paths 1, 2, 3, 4 •.• ) is received by the same 
transducer (Fig. 2a). 
Then, the received RF signal is digitized through a transient 
recorder. The digital data stored on a minicomputer are averaged 
and autocorrelated. A digital gate (shown in Fig. 2a (B» is used 
to select the portion of the signal to be processed (path 2: solid 
air interface). 
The magnification of the gated signal (Fig. 2a (C» shows the 
characteristic pattern of the RF signal scattered by a stress-free 
periodic surface. Only the signal of interest, displayed in Fig. 
2a (D) is fed to a minicomputer, to obtain the spectrum. 
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Frequency Domain (Fig. 2b) 
The spectrum of a normally reflected signal (Fig. 2b(A)) from 
a perfectly smooth surface of the same material is used as reference. 
A typical result of the amplitude spectrum of a reflected signal 
from a periodic solid-air interface is shown in Fig. 2b (B). The 
sharp discontinuity , observed at a given frequency. can be related 
to the geometrical and the physical properties of the interface. 
Then the spectrum of the scattered wave from the rough surface 
is deconvolved by the reference spectrum (Fig. 2b (C)). 
RESULTS 
The classical grating equation is applied to a broad band signal. 
Accordingly. at different angles of incidence the various frequencies 
will diffract to different angular positions. following the equation 
given on the left-hand side of Fig. 3. 
DIFFRACTION AND MODE CONVERSION 
A 
MAXIMUM OF DIFFRAcnON 
!ll~~~~~!!l ____ _____ _ 
sin91.~ sined -m~ 
d.~ 
mo 
f . _ I, CI 
A lsin91-~sin9d Yd.~ 
a,l1- P. S Of A wave 
m - 0,1 •... diHracdon ordtll' 
~l _~~_l~~~j_l~=91 _______ _ 
a) Bulk wave f = m~ 
II sin9d 
bl Mode converted Rayleigh wave 
f = m °d. R R - 11 -
Fig. 3. 
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A special arrangement is investigated when the incident wave is 
normal to the grating and the transducer is used both as the trans-
mitter and the receiver. In this case, the equation of diffraction 
is given by the expression shown on the right-hand side of Fig. 3. 
These last two equations give the frequency position of the diffrac-
ted wave for a bulk wave diff!acted along the direction 8d and for 
a Rayleigh wave propagating along the surface (8d = n/2) •. 
Figure 4a shows the microphotography of a brass sample with 
straight grooves (periodicity A = 250 ~m, peak to valley height is 
h = 55 ]Jm). 
Figure 4b represents the relative amplitude spectrum of a nor-
mally incident reflected signal. The significant feature is the 
minimum which occurs at 8 MHz on the experimental spectrum (dashed 
lines on Fig. 4b). This phenomenon is interpreted as a strong coup-
ling between the surface and the ultrasonic wave. Mode conversion 
occurs for a frequency given by the expression shown in Fig. 3 
(bottom right). The mode converted surface wave propagates along 
the rough surface with a velocity close to the Rayleigh velocity. 
Along this path, the edges of the profile, distant of A one from 
the other, reradiate the energy toward the normal of the mean plane 
of the surface. Interference between these reradiated waves and 
the direct specular reflected wave give rise to this minimum. 
This sharp discontinuity does not appear in the theoretical 
spectrum (solid lines in Fig. 4b) as long as the model involves an 
infinite plane wave. Very recent calculations have shown that by 
using a finite beam, a similar minimum occurs with the same ampli-
tude, at the same frequency position. In Fig. 5 it is shown that 
the same effect occurs with circular grooves. The circular grooves 
of a titanium disk which has been cut with a milling-cutter have 
been enlarged in Fig. 5a. Optical (top of the figure) and mechanical 
(bottom of the figure) measurements give the dimensions of the 
grooves (A = 97 ]Jm, h = 8 ]Jm). 
The data obtained from ultrasonic backscattering measurements 
(water-solid interface) are in excellent agreement (Fig. 5b). These 
are obtained by measuring the frequency position of the minimum on 
the spectrum, and using the formula of Fig. 3. 
The same approach was used to test diffusion bonded specimens 
with periodic contact (Fig. 6). The departure of the observed minima 
(2 MHz and 3.7 MHz) from the expected one (1.7 MHz and 3.4 MHz) may 
be due to the nonf1atness of the contact, or induced stress, which 
appears because of the bonding process. The two experimental plots 
T 10(a) and T 10(b) correspond to the insonification from the two 
sides of the specimen, respectively. 
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RESULTS 
I. S'TRAtGHT GROOVES 
(SOLID-AIRI 
BRASS SAMPLE 
A 250um 
h 55).1m 
Ib, Top view la75, 
la' Top view 1.1.2, 
(e' SIde view (.75' 
Fig. 4a. Microphotography of a grating with grooves on a plate 
(10 x 5 x 1.4 em) of brass. 
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Fig. 4b. Backscattered amplitude spectrum of a normally incident 
broadband signal. 
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II. CIRCULAR GROOVES 
CWATER-SOUDI 
A. JUNGMAN ET AL. 
Fig. Sa. Optical and mechanical enlargement of the periodic 
profile made of circular grooves on a titanium disk. 
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SAMPLE NO. 106 
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Fig. 6. Diffusion bonded periodic corrugated surface. 
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The same kind of anomalies in the spectrum appear if we con-
sider the scattering effect from a finite penny-shaped region (a 
crack with periodic profile inside diffusion bonded titanium, Fig. 
7). The minimum at 9.6 MHz (according to the equation of Fig. 3) 
corresponds exactly to a periodicity of 300 ~m for a wave propagating 
in the Rayleigh velocity in titanium. 
CONCLUSION 
These results suggest the ability of spectroscopy analysis to 
relate the geometrical and/or th~ physical properties of a periodic 
specimen to the normally backscattered spectrum. The theory of 
diffraction, developed for a stress free surface, fits quite well 
the experimental data. However, the sharp minimum, due to the mode 
conversion process on the grating, is not included in the theory. 
Computations are now in progress to deal with such coupling pheno-
mena by including the finite size of the beam. 
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Fig. 7. Penny shaped crack with periodic profile inside diffusion 
bonded titanium. 
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